Study on the properties of FeCrCo-Ni-PZT ternary multilayer magnetoelectric composites by 邓数文
 学校编码：10384                              分类号      密级       










硕  士  学  位  论  文 
   
 
FeCrCo-Ni-PZT 三元多层磁电复合材料性能研究 
Study on the properties of FeCrCo-Ni-PZT ternary 






指导教师姓名： 施   展 副教授 
专  业 名 称： 材    料    学 
论文提交日期： 2015  年  4 月 
论文答辩时间： 2015  年    月 
学位授予日期： 2015  年    月 
  
 
答辩委员会主席：         
评    阅    人：         
 






















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的



































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 













摘  要 
I 










































Magnetoelectric composites were widely used because of good magnetoelectric 
properties at room temperature. A bias magnetic field was usually required for 
magnetoelectric composites to ensure the composite at maxium output state. However, 
this bias field is not beneficial for the miniaturization of devices made from 
magnetoelectric composite. Recently, magnetoelectric composite with self-bias effect 
was developed and it might become a good candidate material for the miniature 
magnetoelectric devices. The self-bias magnetoelectric composites can provide a 
remarkable magnetoelectric performance when the bias magnetic field is zero. In this 
thesis, FeCrCo-Ni-PZT ternary composite was selected as our topic. The self-bias 
magnetoelectric effect in this ternary composite was studied and analysed by the 
newly developed synchronization testing technique. Finally, theoretical calculations 
on the self-bias magnetoelectric effect on FeCrCo-Ni-PZT ternary composites were 
carried out. 
 In this paper, a synchronization testing system was developed by combining 
magnetoelectric testing modules, magnetostriction testing module and magnetic 
hysteresis loop module. Under one scanning cycle of applied magnetic field, the 
singal of magnetoelectric, magnetostriction and magnetic induction intensity can be 
synchronously aquired by a data acquisition system. All the signals of magnetoelectric 
composites especially from demagnetized state can be obtained by this synchronous 
test system. This system will be helpful for the research of self-bias magnetoelectric 
effect in FeCrCo-Ni-PZT ternary magnetoelectric composites.  
The multilayer composites combined by FeCrCo, Ni and PZT layers were 
prepared in this paper. Obvious self bias magnetoelectric effect was observed in these 
multilayer composites. In this paper, the influence of structure, thickness ratio and 
frequency on the magnetoelectric coefficient was studied. Beside, the four-layer 
composites with the PZT/FeCrCo/Ni/PZT structure were prepared and studied. 
Based on the experimental result, theoretical models for FeCrCo-Ni-PZT ternary 
composites were built. A model to deal with the demagnetizing interaction between 
the FeCrCo and Ni were built in this paper. The magnetoelectric properties of 
multilayer FeCrCo-Ni-PZT ternary magnetoelectric composites were simulated by 















interaction. The magnetoelectric properties of FeCrCo-Ni-PZT ternary 
magnetoelectric composites simulated by our theoretical model were in good 
agreement with our experimental results. 
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则来源于 Debye[13]在 1926 年提出的“magnetoelectric”一词。 
随着 Cr2O3 的磁电效应得了到实验的证实，人们开始对磁电材料进行广泛和










的 Sr3Co2Fe24O41 陶瓷单相磁电材料。Kim 等
[16]也制备了室温磁电性能达到
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T-T 等模式[34, 36]，如图 1.2[1]所示。甚至研究人员也尝试更多层的复合结构，其结
构如图 1.2(h)所示。 
对于磁电复合材料来说，其磁电系数与压电相的压电系数以及磁致伸缩相的




Jungho RYU 等人[38]制备的 Terfenol-D/PZT/Terfenol-D 三层磁电复合材料的室温
性能就可以达到了 4.68 V/cm Oe 。这个磁电系数值是在此之前得到的最好的磁
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图 1.2 层状磁电复合材料常见的叠层结构[1] 
 
磁电复合材料在谐振频率下通常拥有优异的磁电性能，因此人们对磁电复合








异的磁电性能。2007 年，P. Record [41]等的研究中报道 Terfenol-D 与压电的三层
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